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2.1
G $\equiv$ ( $\mathrm{r},$ $E$D)
, $V_{D}$ E $\mathcal{G}_{D}$ . $V_{D}$
$n$ , $E_{D}$ $m$ . , $V_{D}\equiv$ $\{$ 1, $\cdot$ . . , $n\}$
. , $V_{D}$
.




$V\equiv V_{D}\cup\{r\},$ $E\equiv E_{D}\cup E_{r}$ , $\mathcal{G}\equiv$ $(V, E)$ , $e\in E$





. , $r$ $c$ .
$r,$ $c$ ,
$r$ $c$ SI . $p\in SI$ ,
$l$ , $v_{p}^{l}\in V_{D,p}e^{l}\in E$ $\text{ _{}1}$
$G$ .




, $\beta>0$ . $v\in V_{D}$ ,
2 $q_{v}\in$ {0,1} . , $V_{D}$
, $q\equiv$ ( $q_{1},$ $\cdots,$ $q$n) <’
, . ,
. $k$ , $j\in$ $\{$ 1, $\cdot$ . . , $k\}$
$i$ $A_{ij}>0$ , $A_{i}\equiv(A_{i1}, \ldots, A_{ik})_{:}^{T}A\equiv(A_{1}, \ldots , A_{n})$
1 , $j$ $b_{j}>0$ ,
$k$ $b\equiv$ $(b_{1}, \cdots , b_{m})^{T}$ ,
:
$SD\equiv\{q\in 2^{n}|Aq\leq b\}$ . (2.1)
, $q\in SD$ $p\in SI$ <[ $q$ ,
$e$ $N$ (e, $q$) $\in$ {0,1, 2} ,
, $q$
$e$ :
$w_{e}^{q}=w_{e}+ \beta\cdot\frac{N(e,q)}{2}$ . (2.2)
, $p$ $L$ $v_{\mathrm{p}}^{L}$
:
$\alpha(v_{p}^{L}|p, q)=\overline{\alpha}-\sum_{l=1}^{\mathrm{L}}w_{e}^{q}$. (2.3)
$\alpha(v_{p}^{L}|p, q)\geq 0$ $v_{p}^{L}$ . ,
:
$U_{I}(p, q) \equiv-\min_{v\in p}$ { $d_{v}|\alpha$ ( $v|$p, $q)\geq 0$ } $\mathrm{t}$ (2.4)
, 2 Stackelberg $\text{ }$ ,
$q$ :
$p^{*}(q) \in\arg\max_{p\in SI}U_{I}(p, q)$ . (2.5)
, :
$U_{D}(q)\equiv-UI(p^{*}(q), q)$ . (2.6)
, :
Minimize $U_{D}(q)$ (2.7)







2. , $r$ $V$
1,2 ,
. , 1 , $e\in E$
$w_{e}^{(e,\ldots,0)}=w_{\epsilon}$ ,
2 $q\in SD$ $e$ $w_{e}^{q}$
. , Cormen [1] .
, $O(m+n\log n)$
[1]. , $\eta$ , $P$
$O((1+\eta)(m+n\log n))$ .
$\eta$ $n$ , .
[9] , $[3, 8]$




$n$ , $t^{1}\equiv(1,$ 0, . . . , 0 $)$ , . ., $t^{n}\equiv(\mathrm{O}\ldots,$$0)$’ $1$ ) . ,
$P$ .
1, $\mathrm{E}\mathrm{E}$ $q^{1},$ $q^{2}\in SD$ , $i\in V_{D}$ $q^{1}=q^{2}+t^{i}$ .
, :
$U_{D}(p^{*}(q^{1}), q^{1})\leq U_{D}(p^{*}(q^{2}), q^{2})$ (3.1)
: (2.2) (2.4) . $\blacksquare$
1 ,
. , $P$ $SD$














. , Hanafi#X ,
, $\phi$ : $S_{M}arrow \mathrm{R}$
$N_{z},$ $N_{TD}>0$ .
Hanafi
0. ( ) , $i=0,$ $s$ =FALSE, $z=0$ .
$2^{n}$
$q$ . $q\in SD$ ,
$s=TRUE$ 5 .
1. (TS-PROJECT: ) $\phi$
, $q$ $N$(q)
. $q$ $SD$ .
2. ( A 1 ) $iarrow i+1$ . $i\leq n$ , 3
. , $i=0,$ $z\vdash z+1$ . $z>N_{z}$ ,
$q$ ,
. , $s=FALSE$ , $s=TRUE$ 4
, $s=TRUE$ , $s=FALSE$ 6 $\mathrm{t}$
3. (COMPLEMENT : ) $q$ ,
$i\in V_{D}$ , , 1 .
, , 5 .
4. ( $\mathrm{T}\mathrm{S}$-DROP: ) $\phi$ ,
$q$ $\Lambda’(q)$
. $N_{TD}$ .
5. ( $\mathrm{T}\mathrm{S}$-ADD: ) $P$
, $q$ $N$(q) $\text{ }$




6. (TSJNFEASIBLE-ADD: ) $P$
, $q$ $N$ (q)
. $q$
. , 1 .
, Hanafi
. Hanafi ,
( , ) .






, 1 0 (TS-PROJECT, TS-
DROP) 0 1 (TS-ADD, $\mathrm{T}\mathrm{S}\lrcorner \mathrm{N}\mathrm{F}\mathrm{E}\mathrm{A}\mathrm{S}\mathrm{I}\mathrm{B}\mathrm{L}\mathrm{E}$-ADD)
. , .
(i) , $-t_{i}$ , $\phi$
:




. , $P$ ,
.
(ii) , :
2 $q$ $i\in V_{D}$ , $p^{*}(q)$ $i$
. , $q+t^{i}$ $p^{*}(q)$
, :
$U_{D}(p^{*}(q+t^{i}), q+t^{i})=U_{D}(p^{*}(q), q)$ . (3.3)
: 1 , :
$U_{D}(p^{*}(q+t^{i}), q+t^{i})\geq U_{D}(p^{*}(q), q)$ . (3.4)
84
, $p^{*}(q)$ $i$ , :
$U_{D}(p^{*}(q), q+t^{i})=U_{D}(p^{*}(q), q)$ . (3.5)
(3.4) , q+t – $p^{*}(q)$
, (3.3) . $\blacksquare$
$P$ , ,





, $n=200,$ $m=1970$ . $e$ $w_{e}$
$\{1, \ldots, 1000\}$ . , 50
. $A$ $A_{ij}$ $\{1, \ldots, 1000\}$ ,
$b$ $b_{j}$ , [0.1, 0.2] $\theta_{j}$
:
$b_{j}= \sum_{i=1}^{n}A_{ij}\}\theta_{j}$ . (4.1)
, , $\overline{\alpha}=200,$ $\beta$ =50 .
. (i) ,
$T=40$ .
TS-DROP $N_{TD}=7$ , TSJNFEASIBLE-ADD ,
.
, $N_{z}=100$ .
, , 2 . ,
5000 \Delta , .
, [9] .
5 70 , 1000 . ,
, 0.25, 0.15, 0.15 , 0.10,
1.6 .
3 1 ,
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